The unfolded protein response in lens epithelial cells from galactosemic rat lenses.
Diabetic complications are associated with hypoglycemia and hyperglycemia. The purpose of this study was to investigate the effect of both glucose deprivation and hyperglycemia on the induction of endoplasmic reticulum (ER) stress and the subsequent activation of the unfolded protein response (UPR) that results in apoptosis in in vitro cultured lens epithelial cells (LECs) and in vivo cataract formation in galactose-fed rats. Lenses from rats fed a standard diet containing 50% galactose with or without an aldose reductase inhibitor (ARI) were investigated. Transformed human LECs were cultured in standard 10% FCS-DMEM containing various concentrations of sugar. UPR-specific proteins from both the rat lenses and lens cultures were quantified by protein blot analysis. Cell death was evaluated with TUNEL staining and ethidium homodimer-1 (EthD) dyes. Reactive oxygen species (ROS) were quantified with H2-DCF, and free glutathione (GSH) levels were measured with a commercial GSH quantification kit. Increased apoptosis of the LECs was observed in the lenses of rats fed the galactose diet for 5 to 9 days, and nuclear cataracts subsequently developed in these lenses after 13 to 15 days. Protein blot analysis of the LECs from these galactose-fed rats showed higher levels of the UPR-specific proteins Bip/GRP78, ATF4, and CHOP. These LECs also demonstrated activation of the UPR-specific procaspase-12 and the increased presence of ROS, whereas GSH was reduced. Because these results indicate that the UPR is activated in LECs along with the production of ROS and apoptosis during cataract formation in the galactose-fed rats, subsequent studies were conducted to determine the role of nonenzymatic glycation, osmotic stress, and oxidative stress on these biochemical processes. In vitro cultures of human LECs showed that the UPR was induced by osmotic and oxidative stress, but not by glycation. In addition, the UPR and apoptosis in LECs was induced by glucose deprivation. The ARI blocked the induction of the UPR, cell death, and cataract formation. The UPR that is induced by abnormally high or low concentrations of sugar is linked to the production of ROS, increased apoptosis in LECs, and cataract formation. The inhibition of the UPR induction by ARI suggests that osmotic stress may be the primary inducer of the UPR. Modulation of the UPR pathways may offer novel methods for the development of therapeutic tools to delay cataracts.